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(3) SiC single crystal growth. 

(57) A chamber (10) is divided into a reaction zone 
(20) and a sublimation zone (30). A gaseous 
mixture (41) is supplied through a conduit (21) 
into the reaction zone (20) and heated by a 
heater (27). The components in the gaseous 
mixture (41) are reacted with each other to 
synthesize solid-phase SiC (42). The solid- 
phase SiC (42) is heated and evaporated by a 
heater (35), and condensed as a single crystal 
(43) on a seed crystal attached to a mount base 
(37). The mount base (37) is rotated and lowered 
in response to the growth of the SiC single 
crystal (43) by a rotary shaft (38). Since the SiC 
single crystal (43) grows from SiC synthesized 
by the vapor-phase reaction, the obtained pro- 
duct is of very high purity without the substan- 
tial inclusion of impurities. In addition, a single 
crystal having a large diameter or length can be 
obtained without restrictions imposed by the 
use of a crucibl . 
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Th present invention relates to an apparatus for producing a high-purity SiC single crystal by the contin- 
uous sublimation and cond nsati n of SiC prepared by vapor-phase synthesis. Th apparatus is especially 
suitabl for manufacturing large single crystals. 

SiC singly crystals produced by th sublimation process are utilised f r making d vices such as semicon- 
5 ductors in various industrial fields. 

In a conventional sublimation process, a powdered SiC material is placed in a graphite crucible having cov- 
ers, and a seed crystal is attached to the cover plate at a position facing the powder SiC material, which is 
heated at a temperature of 2000-2500°C. The heated material is evaporated from the crucible and condensed 
on the surface of the seed crystal. The condensed SiC grows to a single crystal having a crystalline orientation 
10 aligned to that of the seed crystal. 

In another method, a seed crystal is attached to the bottom of a graphite crucible, a perforated graphite 
hollow cylinder is located in the crucible, a space between the inner surface of the crucible and the hollow 
cylinder is filled with powdered SiC material, and the powdered material is heated to a high temperature. The 
material evaporates and permeates through the holes formed in the hollow cylinder to condense on the surface 
15 of the seed crystal at the bottom of the crucible. 

The crucible to be used in these methods must be made of high-purity graphite to avoid the resultant SiC 
crystal from being contaminated with inclusions. Even when graphite material of the highest purity available 
on the market is used for t he crucible, it contains impurities in an amount of approximately 5 ppm. The impurities 
are evaporated from the wall of the crucible during high-temperature heating, and mixed in the growing SiC 
20 crystal. The impurities included in the resulting single crystal cause various problems such as poor perfor- 
mance characteristics and even malfunction, when the single crystal is used to make a semiconductor device. 

It is supposed that the impurities in the crucible material are introduced into the single crystal in the fol- 
lowing manner. When the powered SiC material is evaporated in the crucible, the sublimation product, Le. SiC 
gas, does not always have a stoichiometric composition, but contains Si, Sfe, C, SiC2, S'hC, etc. in a mixed state. 
25 These components react with each other to form SiC gas which is consumed for the growth of the SiC single 
crystal. In addition, SiC is also provided by the reaction of the gaseous components such as Si, Sfe, SiC2, and 
Si 2 C with C in the wall of the crucible. During the reactions with the crucible, the impurity elements in the 
crucible are evaporated at the same time and introduced into the growing single crystal. 

The graphite crucible itself is also consumed with the evaporation of C, so that the crucible changes its 
30 structure and its wall thickness. The changes in the structure and the wall thickness also tend to alter the tem- 
perature gradient along the longitudinal direction of the crucible. Consequently, the conditions for crystal 
growth do not remain constant so that the resulting crystal has poor homogeneity and less reliable quality. 

In the sublimation process using a graphite crucible, there are restrictions on the size of a usable crucible 
and the volume of a powdered SiC material which can be charged in the crucible. Due to the restrictions in 
35 the conventional method, it is practically impossible to produce a SiC single crystal having a diameter above 
approximately 30mm or a length of some tens of millimetres. 

On the other hand, single crystals which are larger in both diameter and length are required for enhancing 
productivity in the processing line of semiconductor devices, and crystals produced in the conventional process 
are not large enough. Thus production of large SiC single crystals has not been possible hitherto. 
40 Thus the present invention seeks to provide a method and apparatus for producing high-purity SiC single 
crystals without the use of graphite crucibles. The present invention also seeks to reduce restrictions on the 
diameter and length of the SiC single crystal product by growing the crystal from SiC synthesised from a gas- 
eous mixture. 

An apparatus for the growth of SiC single crystals according to the present invention comprises, an ap- 
45 paratus for producing a SiC single crystal comprising a chamber divided into a reaction zone and a sublimation 
zone, a conduit for supplying a gaseous mixture into said reaction zone, a reactor tube for synthesising solid- 
phase SiC from the gaseous mixture, a heater for evaporating the solid-phase SiC, an opening formed in the 
reactor tube for circulating the evaporated SiC from said reaction zone into said sublimation zone, a retractable 
base for mounting a seed crystal thereon and arranged in said sublimation zone, and heating means for main- 
so taining the interior of said sublimation zone with a predetermined temperature gradient which reduces from 
the said opening towards the mounting base, whereby solid-phase SiC synthesised from the gaseous mixture 
is evaporated in the reaction zone, circulates into the sublimation zone and condenses as a single crystal on 
the seed crystal. 

The invention also extends to a method of growing an SiC crystal comprising supplying a gaseous mixture 
55 to a reaction zone to form a solid phase, heating th solid phas toevaporat th solid phase SiC into a sub- 
limationzon , heating the sublimation z netoprovid at mperaturegradi nt which reduces in a direction away 
from the reaction zone, and cond nsing th vaporates SiC onto a seed crystal which is mounted in the sub- 
limation zone at a position below the reaction zone. 
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S.nce the crystal growths don without using a graphit crudN , high-purity SiC singl crystals can b 

1, T 6rffr ^ OT toth ^ di ^ terandl ngth,withoutanyprobl ms nproduction 
OT produclsong,nated.nth crucibl .Th btain dsingl crystal is of very reliable quality. The purity of th 
bfainedsinglecrysWisv ry high, since th solid-phas SiCsynthesisedbyth vapour-phase reaction grows 
up to the single crystal having less opportunity of including impurities. 

The other objects and features of the present invention will be understood from the following description 
with reference to the drawings attached. 8 v 

invention* 1 * 8 *" *" *" aPParatUS SC 9r0wth accortin9 to the P"* 6 "' 

An apparatus , for SiC crystal growth according to the present invention has a chamber (10) divided into a 

noolT*"* ^ 21) " 0pened to lhe reacfon zone (20) ' to ^PP'y a saane 9 as - a hydrocarbon gas, a doping 
E^a'^^?"**'' necessar y for « he P^"cttonofSiC.Eachgas.flowsfromagassourt«to 
the conduit (21), and rts flow is controlled by a flow regulating valve (22aH22F), respectively to provide a oas- 

„• ,! re !^° n 20,16 (20) reaCtor 1111)6 (24 >- The P 355 ^ 6 of the reactor tube (24) is varied from a tare* 
d,ameter section to a small-diameter section along the flowing direction of the gaseous mixture (41) A heat 

E? 8 ^ fe PfOVi(,ed betWee " the reactor tube < 24 > and a " and a heater^fe 

^ oute^, the reactor tube (24). An inner space surrounded with the la^ianJer part ofTSJ 

11? P° r ;P hasereaclin 9 2 one(28)forsynthesizing SiC. SrC synthesized by the vapor-phase 

The reactor tube (24) has a projecting part (24a) inserted into the sublimation zone (30). An exhaust pipe 
(31a) B openedtothe,nterioroftheprojechng part (24a). Another exhaust pipe (31b) is opened to the IrZr 

SI res P echva,y - ^ conduit t 3 *) with a flow regulating valve (33) is opened! 

the into* of the sublimation zone (30). to introduce an inert gas such as Ar into the sublimation zone (30) 

^ through the condurt (21) into the chamber (10) while controlling the pressure regulabngValves (32at 

S maiZl 9 (33 ?'Kf; Hereby> "* ° f the n, "* n 201,6 W and the Nation zone 
(30) rs maintained at a pressure suitable for the synthesis and sublimation of SiC and for the growth of a SiC 

7t 9aSe0US """P 0 " 6 "*' e -°- and hydrocarbon, among the gaseous mixture 

(41) supplied to the chamber (10) are discha^ed through the exhaust pipes (31a), (31b) to the outside 
The rwWimation chamber (30) has a heater (35) for heating the interior with a predtermined temperature 

A crystal growth zone (40) is provided at the lower part of the sublimation zone (30). In the crystal growth 
zone (40). there rs a mount base (37) for mounting a single crystal thereon. The mount base (37) ^supported 
w. h a rotery shaft (38) passing through the bottom wall of the chamber (10). The rotary shaft (38) is coupled 

""IL T"" SPeed ° f the m0Unt tese (37) 3/6 contro,,ed b * °P«-"«fl « control panel 
(not shown) provided on the frame (11). ^ 

2 11?^. ™1 ™ „ h6 ™» (28) to synthesze the solid-phase SiC (42). 

t^L^^ S„T S ™ densed 0,1 a seed <«* «"own) attached to the mount base (37) in 
determined gradient at a constant pressure. Thereby, a SiC singl crystal (43) grows on the seed crystal. Th 

SB LVof?h1r . speedofth mounl (37) are confrolled in response to th growing 

speed of th S.C single crystal (43), so as to maintain the conditions for crystal growth constant 

The sublimator part (36) is preferably h Id at the same pressure as that of the crystal growth zon (40) 
whreuith mountbase(37)islocated.Thepre S sureinth reactionzon (20) is maied higherZ hat 



3 



EP 0 554 047 A1 



ofth sublimation zon (30), so as to circulat the synthesized SiC (42) downwards. The temperature fthe 
reaction zon (20) is maintained I wer than th sublimation point of SiC, whil th projecting part (24a) fth 
reactor tub (24) is heated at a temperature above th sublimation p intof SiCbyth heater (35). In addition, 
th environmental temperature in the sublimation zon (30) is preferably controlled in a manner such that the 
5 temperature falls from the sublimator part (36) to the crystal growth zone (40) at a rate of 50°C/cm or less, to 
facilitate the growth of the single crystal from the evaporated SiC gas. 

EXAMPLE: 

10 At first, Ar gas was introduced through the conduit (21) and the supply conduit (34) into the chamber (10), 
to exchange the atmospheric gas in the chamber (10) with Ar gas. The interior of the chamber (10) was then 
evacuated to 1 0~ 2 torr.. The supply of Ar gas and the evacuation were alternatively repeated 5 times, to remove 
inclusions from the chamber (10). Thereafter, Ar gas was re-supplied to the chamber (10), and the interior of 
the chamber (10) was heated up to 2400°C by the heaters (27), (35). The interior of the chamber (10) was re- 

15 evacuated to 1 torr. and subjected to 1-hour baking treatment 

After the interior of the chamber (1 0) was conditioned, the gaseous mixture (41) was introduced into the 
reaction zone (20) and the sublimation zone (30) both held under the conditions shown in Table 1 . Said gaseous 
mixture (41) was one prepared by mixing silane (SiH 4 ) gas in a flow rate of 0.3 ml/min. f propane (CsHe) gas in 
a flow rate of 0.1 ml/min., hydrogen (HJ gas in a flow rate of 1 Urnin. and nitrogen (N2) gas in a flow rate of 

20 0.01 ml/min.. At the same time, Ar gas in a flow rate of 1 l/imin. was supplied through the supply conduit (34) 
into the sublimation zone (30). Hereon, the pressure in the reaction zone (20) was maintained higher than that 
in the sublimation zone (30). 



Table 1: TEMPERATURE AND PRESSURE AT EACH ZONE 



ZONE 


TEMP. (>C) 


PRESSURE (TORR.) 


REACTION ZONE (20) 


1200-1400 


50-250 


SUBLIMATION ZONE (30) 


2000-2400 


1-760 


TEMP. GRADIENT FROM SUBLIMATOR PART (36) TO CRYSTAL 
GROWTH ZONE (40) 


-15°C/min. 



In accompaniment with the growth of the SiC single crystal (43), the mount base (37) was lowered at a 
35 speed of 4 mm/hr. while being rotated at a rotation speed of 10 r.p.m.. The SiC single crystal (43) grew on the 
mount base (37). The obtained SiC single crystal (43) was of high quality without the inclusion of impurities. 
Since nitrogen was used as a doping gas, the SiC single crystal was type-n. The diameter of the SiC single 
crystal (43) was changed in response to the surface area of the mount base (37) with the high degree of free- 
dom. 

40 Nitrogen gas was used as a doping gas in the example above-mentioned, but of course, other gases may 
be used which do not provide any doping, or a gaseous material containing a doping gas for producing a p- 
type single crystal. For instance, a p-type SiC single crystal was obtained by introducing A1(CH 3 )3 in a flow 
rate of 0.01 ml/min. instead of N* 

In accordance with the preferred features of the present invention as above-mentioned, the solid-phase 

45 SiC synthesised in the reaction zone is evaporated and then condensed so that the SiC single crystal grows 
on the seed crystal, attached to the mount base, as the starting point Thus the growth of the SiC single crystal 
can be achieved without using such a graphite crucible as those in a conventional method. Consequently, prob- 
lems originated in the graphite crucible do not occur, e.g. the migration of impurities from the crucible to the 
single crystal and the fluctuation in the conditions for crystal growth in accompaniment with the change in the 

50 thickness and structure of the crucible. Consequently, a high-purity SiC single crystal excellent in quality can 
be produced. In addition, there is no restriction on the dimensions of the SiC single crystal to be produced 
according to the present invention. The single crystal large in diameter or length can be produced under the 
same conditions. 

While the preferred embodiment and examples of the present invention has been shown and described, 
55 it is to b und rstood that these disclosures are for the purpose of illustration and that various changes and 
modifications may b mad without d viating from th scope ofth inv ntion as set forth in th appended 
claims. 
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Claims 

1 An apparatus f r producing a SiC singl crystal comprising a chamber (10) divided into a reaction z n 
(20) and a sublimation zone (30), a c nduit (21) for supplying a gaseous mixture into said reaction z n 
(20), a reactor tube for synthesising solid-phase SiC from the gaseous mixture, a heater (27) for evapor- 
ating the solid-phase SiC, an opening formed in the reactor tube for circulating the evaporated SiC from 
said reaction zone into said sublimation zone, a retractable base for mounting a seed crystal thereon and 
arranged in said sublimation zone, and heating means (35) for maintaining the interior of said sublimation 
zone with a predetermined temperature gradient which reduces from the said opening towards the mount- 
ing base, whereby solid-phase SiC synthesised from the gaseous mixture is evaporated in the reaction 
zone, circulates into the sublimation zone and condenses as a single crystal on the seed crystal. 

2. Apparatus according to claim 1 , wherein said conduit is connected to a silane gas source, a hydrocarbon 
gas source, a carrier gas source and optionally a doping gas source. 

3. Apparatus according to claim 1 or claim 2 wherein said retractable base is arranged below the reactor 
tube and is movable in a downward direction in accordance with the growth rate of the crystal. 

4. Apparatus according to claim 3 in which the retractable base has a screw-threaded mounting so that it is 
simultaneously lowered and rotated. 

5. A method of growing an SiC crystal comprising supplying a gaseous mixture to a reaction zone to form 
a solid phase, heating the solid phase to evaporate the solid phase SiC into a sublimation zone, heating 
the sublimation zoneto provide a temperature gradient which reduces in adirection away fromthe reaction 
zone, and condensing the evaporates SiC onto a seed crystal which is mounted in the sublimation zone 
at a position below the reaction zone. 

6. A method according to claim 5 in which the seed crystal is progressively lowered away from the reaction 
zone as the crystal grows. 
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